Role for matrix metalloproteinase-2 in oxidized low-density lipoprotein-induced activation of the sphingomyelin/ceramide pathway and smooth muscle cell proliferation.
Oxidized LDLs (oxLDLs) and matrix metalloproteinases (MMPs) are present in atherosclerotic lesions. OxLDLs activate various signaling pathways potentially involved in atherogenesis. OxLDLs induce smooth muscle cell (SMC) proliferation mediated by the activation of the sphingomyelin/ceramide pathway and tyrosine kinase receptors. MMPs are also able to induce SMC migration and proliferation in addition to extracellular matrix degradation. The present study was designed to investigate whether MMPs play a role in the mitogenic effect of oxLDLs. OxLDLs induce the release of activated MMP-2 in SMC culture medium. MMP-2 was identified by its 65-kDa gelatinase activity on zymography and by using specific blocking antibodies and MMP-2-/- cells. MMP inhibitors (batimastat and Ro28-2653) and the blocking antibodies anti-MMP-2 and anti-membrane type 1-MMP inhibited the oxLDL-induced sphingomyelin/ceramide pathway activation and subsequent activation of ERK1/2 and DNA synthesis but did not inhibit the oxLDL-induced epidermal growth factor receptor and platelet-derived growth factor receptor activation. Exogenously added activated MMP-2 or membrane type 1-MMP-1 triggered the activation of both sphingomyelin/ceramide and ERK1/2 pathways and DNA synthesis. Conversely, suppression of MMP-2 expression in MMP-2-/- cells or in SMCs treated by small-interference RNA also blocked both sphingomyelin/ceramide signaling and DNA synthesis. Together, these data demonstrate that MMP-2 plays a pivotal role in oxLDL-induced activation of the sphingomyelin/ceramide signaling pathway and subsequent SMC proliferation. These pathways may constitute a potential therapeutic target for modulating the oxLDL-induced proliferation of SMCs in atherosclerosis or restenosis.